The concentration of a pregnancy-associated ct-macroglobulin (PAM) was determined in the blood of patients with various cancers. PAM was detectable in subjects with all types of malignant disease studied, and the level of the serum protein correlated well with the course of the disease: the concentration increased before clinical recognition of metastases and decreased significantly on successful treatment. Periodic PAM determinations may allow detection of tumour recurrence while it is still at a treatable stage and could aid in the evaluation of therapy.
SYNOPSIS
The concentration of a pregnancy-associated ct-macroglobulin (PAM) was determined in the blood of patients with various cancers. PAM was detectable in subjects with all types of malignant disease studied, and the level of the serum protein correlated well with the course of the disease: the concentration increased before clinical recognition of metastases and decreased significantly on successful treatment. Periodic PAM determinations may allow detection of tumour recurrence while it is still at a treatable stage and could aid in the evaluation of therapy.
Attempts to correlate cancer diagnosis and prognosis with simple quantitative procedures have so far met with mixed success. Although techniques for measuring the cell-mediated immune response, employing tumour-associated antigens (Herberman, 1973) and phytohaemagglutinin (Chretien et al, 1973) , have been mentioned in this context, perhaps the best studied procedures are the blood-levels of the embryonic antigens, ot-fetoprotein (Abelev, 1968; Ruoslahti and Seppala, 1972) and carcinoembryonic antigen (Gold and Freedman, 1965; Dhar et al, 1972; Laurence and Neville, 1972; Costanza et al, 1974; Barrelet and Mach, 1975) . Pregnancyassociated o-macroglobulin (PAM) has not as yet been identified in the fetus, but increased serum concentrations have been shown in patients with malignant disease (Stimson, 1974) .
PAM is a high-molecular-weight glycoprotein (Stimson and Eubank-Scott, 1972; Von Schoultz and Stigbrand, 1973) , the level of which rises substantially throughout pregnancy and decreases to a comparatively insignificant value within six weeks post partum (Stimson, 1974; von Schoultz, 1974; Stimson, 1975a) . Peripheral-blood leucocytes appear to be capable of synthesizing the at-globulin (Stimson and Blackstock, 1975) , and oestrogen can stimulate its production in vitro and in vivo (Horne et al, 1973; Berne, 1973; Beckman et al, 1973; Stimson, 1974; Than et al, 1974) . However, PAM is not a steroid-transport protein (Stimson, 1973; von Schoultz et al, 1973a) and it has been suggested that it may function as an immunosuppressive factor Received for publication 21 May 1975 in vivo (Stimson, 1972; von Schoultz et al, 1973b; Stimson, 1975b) .
In this investigation the PAM concentrations of patients with cancer were studied in order to ascertain whether changes in the level of the serum protein correlate with the course of the disease and actually show a 'lead-time' over clinical diagnosis (Stimson, 1975c) . It was not envisaged that PAM concentrations could diagnose preclinical disease since values for cancer patients often fall within the ranges of subjects with other physiological conditions.
Materials and Methods
Blood samples were obtained from patients who had been diagnosed for malignant disease and the serum was separated and kept frozen at -20°C until tested. Single samples were taken from a large number of subjects with a variety of cancers and blood was also obtained from a smaller group, as often as possible before, during, and after treatment.
PAM concentrations were determined in triplicate using an enzyme-immunoassay procedure, as previously described (Stimson and Sinclair, 1974) , orquantitative immunoelectrophoresis (Laurell, 1966) at the higher levels. The stases, the level of PAM had risen substantially some time before clinical diagnosis was made; whereas in the subjects who were reported to have responded well to treatment and whose condition was good at the time of completion of the trial (all were clinically devoid of tumour at the time the last blood sample was taken) the PAM concentration dropped significantly, after which little further change in level was observed. Figure 3 indicates the changes in PAM values occurring in two women (aged 32 and 34 years) being treated for breast cancer. Surgery was initially performed on both patients followed by chemotherapy. One of these women did not respond to the first type of chemotherapeutic agent employed, and metastatic disease of the lymph nodes was diagnosed at the time indicated (approximately 6j months). However, the administration of another form of chemotherapy proved beneficial (no cancer was evident at the time of the last sample) and it can be seen that the PAM level fell substantially with this second treatment. The other patient was reported to have developed metastases 15 months after the start of treatment but increased PAM concentrations were evident several months earlier.
The variations in PAM level found in subjects being treated for carcinoma of the breast were also seen in patients with other cancers. The PAM concentration profiles of a man aged 53 with malignant melanoma and a woman aged 47 with cancer of the cervix (stage 1) are presented in figure 4. The latter had had no clinically detectable recurrence of cancer up to the time the last blood sample was taken and, as before in such cases, the PAM level dropped from its initial value and then tended to level out. The melanoma case, however, did not at first respond to treatment and metastases developed. A total of four pulses of chemotherapy were given to this patient before the cancer was finally brought under control at approximately 16 months. The concentration of PAM in this subject increased until the therapy proved effective, when a sharp decline was recorded. The changes in level always showed a 'lead-time' over the clinical diagnosis of the patient's condition.
Discussion
Although the presence of PAM in the blood is commonly associated with pregnancy it was found possible to identify the serum protein in patients with various types of cancer. The concentration of PAM tended to be higher in patients who had been diagnosed for metastatic disease compared with those with localized tumour, and therefore subjects were studied during and after treatment to ascertain whether PAM concentrations could assist in the diagnosis of a patient's condition.
There was good correlation between the levels of PAM and theresults of therapy in the cancer patients examined serially. In adequately treated patients the PAM level fell below the pre-treatment value and remained constant at that concentration following surgery, radiotherapy, or chemotherapy. However, in the subjects who later developed metastases, the o. 
